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ABSTRACT: 
 
In the late nineteenth and early twentieth centuries, dimension stone construction was 
widely popular for monumental structures in the United States. The rise of steam-powered 
quarry machinery, as well as expedient transportation options, increased access to building 
stones such as Mohegan granite, extracted from the Peekskill area of New York.  The 
Cathedral Church of Saint John the Divine in New York City, the George T. Bliss Mausoleum in 
Woodlawn Cemetery, the Westchester County National Bank in Peekskill, and the First 
Church of Christ, Scientist in Reading, Massachusetts are but a few of the structures that 
utilized this medium-grained, yellowish-gray granite. Approximately one century later, many of 
these stones are consistently displaying evidence of sheet scaling deterioration. This condition 
not only degrades the aesthetic integrity of a structure, but it has the potential to pose safety 
concerns as surface layers can easily dislodge from great heights. Unimpeded, sheet scaling 
could cause structural instabilities as ever more material scales or is disaggregated from a 
receding surface. Perplexing to many in the conservation field is the fact that very little is 
understood about how and why sheet scaling occurs. Are intrinsic factors, such as mineralogy, 
the root cause of this mode of deterioration? Are extrinsic factors, such as incompatible in situ 
conditions, the true culprit? Even further, could the predisposition for sheet scaling be traced 
back to aggressive quarrying techniques?   
In this research, various structures composed of Mohegan granite in Massachusetts, 
Connecticut, and New York were studied for their sheet scaling conditions, while core samples 
were acquired from five of these sites, including the original quarry. Thin section petrography, 
x-ray diffraction, and scanning electron microscopy with energy dispersive spectroscopy were 
utilized to research whether particular factors could be identified as contributing to the 
observed sheet scaling. While definitive conclusions may require further testing, data generated 
from this study could be used to exclude potential factors, or perhaps identify those that 
reoccur in other granites known to exhibit this mode of deterioration. This line of inquiry may 
reveal whether sheet scaling is the result of an isolated factor, or rather as a confluence of 
factors that consistently combine to produce the same unfortunate effect. Once the agent for 
this mode of deterioration is defined, better strategies for slowing, halting, or preventing this 
condition can be sought. 
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CHAPTER 1: INTRODUCTION 
 
INTRODUCTION  
In the late nineteenth and early twentieth centuries, dimension stone construction was 
widely popular for monumental structures in the United States. The rise of steam-powered 
quarry machinery, as well as expedient transportation options increased access to a range of 
building stones. Mohegan granite, a medium-grained gray to yellow granite, was one such stone. 
Extracted from a small quarry in Peekskill, New York, this granite was utilized for a variety of 
structures throughout the northeast. 
The use of dimension granite in construction should convey notions of stability, 
durability, and longevity. However, it has been observed that within a mere century after 
installation, Mohegan granite as well as numerous other granites such as Hallowell, Milford Pink, 
and Stony Creek to name a few, have consistently exhibited a particular type of deterioration 
known as sheet scaling.1 This condition not only degrades the aesthetic integrity of a structure, 
but it has the potential to pose safety concerns as surface layers can easily dislodge from great 
heights. One can forecast that unimpeded, sheet scaling could cause structural instabilities as 
ever more material scales or is disaggregated from a receding surface.  
While various theories have been proposed regarding the potential origins of this 
condition,2 no conclusive evidence has been offered to define how and why sheet scaling occurs 
more pervasively in some granites versus others. Perhaps incipient flaws can be found within 
individual mineral grains of the stones from its geological context. Alternately, it is possible that 
in situ conditions of the building stones are the source of the deterioration. Lastly, it is 
conceivable that the predisposition for sheet scaling can be traced back to aggressive quarrying 
techniques. Whether an individual factor is at play, or several factors converge to produce the 
same harmful effects, it is clear that until the conservation field has a better understanding of 
this mode of deterioration, it will continue to be difficult to formulate appropriate treatments 
to slow, halt, or prevent sheet scaling.  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 Elizabeth Hale Carey, “Scaling Monuments: A Granite Conservation Study” (Master thesis, Columbia 
University, 2000).  
2 Elizabeth Hale Carey, “Scaling Monuments: A Granite Conservation Study” (Master thesis, Columbia 
University, 2000); J. Delgado Rodrigues and D. Costa, Conservation of Granitic Rocks (Portugal: 
Laboratório Nacional De Engenharia Civil, 1996). 
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This research was inspired by the Masters thesis of Elizabeth Hale Carey in 2000, 
entitled Scaling Monuments: A Granite Conservation Study. A portion of Carey’s study sought to 
track scaling granites from various structures back to their quarry sources in an effort to 
compare mineralogy, petrology, weathering issues, and surfacing techniques. She researched 
nine quarry sources of igneous stone within the Appalachian system that were identified as 
exhibiting sheet scaling in the built environment. These were mostly fine to medium grained 
high quartz granites with a large proportion of potassic feldspar and accessory components of 
biotite and/or muscovite.3 Mohegan granite, while not amongst her quarry investigations, is 
similar in description and comprised one of her building case studies, the Cathedral Church of 
Saint John the Divine in New York. Her laboratory testing, which included petrographic 
analysis, absorption testing, and sodium sulfate testing, attempted to investigate the numerous 
factors that may contribute or cause a regular subsurface network of microcracking, leading to 
sheet scaling. Various granites (such as Stony Creek, Barre Gray, Bethel White, and Stanstead) 
in a number of finishes (hammered, sawn, flamed, rock face, and polished) were used in her 
testing. Her conclusions pointed to hammered finishing techniques as the most significant 
source of subsurface microcracking, which could then be affected by in situ conditions, leading 
to sheet scaling.4  
While Ms. Carey’s thesis revealed valuable information regarding the behavior of sheet 
scaling and data to support the effect of hammered finishing techniques with regard to 
microcracking and exfoliation, it did not identify the source of sheet scaling in granites that did 
not have hammered finishes or eliminate alternate inherent and/or external factors that could 
be contributing or causal. For this study, in an effort to more closely examine the theorized 
interplay of intrinsic and extrinsic factors that lead to sheet scaling, a single type of stone, 
Mohegan granite, was selected for research. This particular stone was selected for its known 
deterioration through sheet scaling and because the original quarry could be utilized in 
comparison to an inventory of various structures. Conditions were surveyed at the original 
quarry in Peekskill, New York, as well as at case study structures in Massachusetts, 
Connecticut, and New York. Samples were acquired from five sites, including the original 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3	  Elizabeth Hale Carey, “Scaling Monuments: A Granite Conservation Study” (Master thesis, Columbia 
University, 2000), 43.	  
4 Elizabeth Hale Carey, “Scaling Monuments: A Granite Conservation Study” (Master thesis, Columbia 
University, 2000), 149-150. 
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quarry. Analytical techniques including thin section petrography, x-ray diffraction (XRD), and 
scanning electron microscopy with energy dispersive spectroscopy (SEM EDS) were utilized to 
investigate whether particular conditions could be identified, or perhaps eliminated, as potential 
contributing factors to the observed sheet scaling. 
 
GENERAL DESCRIPTION OF GRANITE  
General rock types can be separated into three main classifications: igneous, 
sedimentary and metamorphic. Igneous rock, also referred to as magmatic, can be further 
differentiated into plutonic and volcanic. Both plutonic and volcanic rocks were formed through 
magma solidification, the former while deep beneath the Earth’s surface and the latter while at 
or near the Earth’s surface. Granite is a type of plutonic igneous rock, and much information 
can be deduced with regard to associated composition and texture based on the primary 
understanding of the early processes through which the Earth first formed, heated, and 
differentiated into core, mantle, and crust.5  
The core and mantle are the result of intense heating, which exceeded the melting 
temperatures of such substances as nickel-iron and iron sulfides. These molten metals were 
pulled by gravitational force toward the center of the Earth, gaining heat from a loss in potential 
energy, and incorporating aggregate material as it sank.6 It is this molten mass that eventually 
formed the center of the Earth’s core and the surrounding mantle.   
Formation of the crust was the result of buoyant masses of magma rising from primary 
partial melts toward the Earth’s surface and solidifying. Igneous rocks resulted from the 
crystallization of a hot silicate melt, and the rate of cooling was integral in determining grain 
size. Rapid cooling and crystallization generally results in fine-grained rocks, including felsite and 
basalt. Conversely, slow cooling and crystallization generally produces coarse-grained rocks, 
and are classified as granites, syenites, diorites, and gabbros.7(Fig. 1) The rocks that formed the 
initial crust have long since undergone secondary evolutions or have worn away through 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
5 Alexander R. McBirney, Igneous Petrology: Second Edition (Boston: Jones and Bartlett Publishers, 1993), 
1. 
6 Alexander R. McBirney, Igneous Petrology: Second Edition (Boston: Jones and Bartlett Publishers, 1993), 
6-7. 
7 E. M. Winkler, Stone in Architecture: Properties, Durability (New York: Springer-Verlag, 1994), 3. 
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erosion.8 The outcroppings of igneous rock that we see today are not only the result of the 
initial magmatic cooling, but have also been affected by geologic processes required to bring the 
rock to the surface. Through these processes, heat and gravity continue to exert formative 
pressures, while surface weathering exerts destructive forces, all ultimately helping to define 
the composition and texture of the rock. (Fig. 2)  
 





Figure 2. Geological environments of the formation of rocks with regard to temperature and 
pressure.  
 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
8 Alexander R. McBirney, Igneous Petrology: Second Edition (Boston: Jones and Bartlett Publishers, 1993), 
8-9. 
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Broadly, granites are coarse-grained rocks with a mineralogical composition of feldspars, 
quartz, mica, and amphibole minerals. The research of Norman L. Bowen, and the Bowen’s 
Reaction Series, provides an explanation as to why certain minerals are more commonly 
associated with each other.9(Fig. 3) According to Bowen’s proposed progression of mineral 
formation, minerals such as olivine and pyroxene form at the highest temperatures, while 
quartz, white mica, and orthoclase form at the lowest temperatures. These ideal crystallization 
temperatures ultimately closely associate minerals with similar properties of formation and/or 
deterioration. It is also worth noting that quartz grains form at the lowest temperatures, often 
filling the interstitial spaces between previously formed minerals, producing irregular and tight 
associations across grain boundaries. During crystallization however, contraction of quartz 
often causes microcracks through brittle individual quartz grains.10 
Igneous rock coloration depends largely on the predominant feldspars, which usually 
comprise 50-75% in the total composition. Acid magmas are high in silica and produce rocks, 
such as granite, that contain a high composition of orthoclase and quartz, and a low 
composition of dark minerals such as hornblende and biotite. Basic magmas are low in silica and 
produce rocks that contain a greater amount of dark plagioclase and hornblende (such as 
diorites and gabbros). Feldspars in granite tend to be white, pink, tan or deep red, while those 
in diorites or gabbros are generally medium gray to black.11 
Bowen’s Reaction Series can also be interpreted in terms of mineral stability and 
tendency for dissolution. Minerals are most stable in similar conditions under which they were 
formed, thus the relative low temperature of the Earth’s surface will promote the weathering 
or erosion of the minerals that were formed at the highest temperatures. For instance, 
generally olivine and pyroxene will weather before quartz or muscovite, and calcic feldspars will 
weather before sodic or potassic feldspars. With this in mind, the minerals comprising the bulk 
of most granites are in effect the most stable rock constituents, thereby making granites some 
of the most stable building stones available for construction. This inherent stability of granite is 
perhaps also why sheet scaling is considered to be a more or less aberrant behavior of the 
material, despite the prevalence of this mode of deterioration.  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
9 Alexander R. McBirney, Igneous Petrology, Second Edition (Boston: Jones and Bartlett Publishers, 1993), 
374-375. 
10	  E. M. Winkler, Stone in Architecture: Properties, Durability (New York: Springer-Verlag, 1994), 33.	  
11 E. M. Winkler, Stone in Architecture: Properties, Durability (New York: Springer-Verlag, 1994), 8. 
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MOHEGAN GRANITE, AS HISTORICALLY DOCUMENTED 
 Granite intrusions can be found near Peekskill, New York, in an area south of Lake 
Mohegan. To the southwest of these granite intrusions lies the Cortlandt series of igneous 
stones, which includes diorites, gabbros, norites, pyroxenites, and others, all of which are most 
likely differentiated products of a single deep-seated magma.12 On another border of the granite 
outcroppings lay metamorphic rocks, namely Paleozoic schists.13 Historically, quarry production 
of granite in the Peekskill area was sourced from outcroppings of stone that exhibited some 
variation in appearance, but maintained some uniformity in texture, being medium to fine-
grained, and with a composition consisting of quartz, orthoclase, albite, oliogoclase, biotite, and 
muscovite.14 
 Mohegan granite was quarried within this area of Peekskill granite, east of the Cortlandt 
town line in a stretch of land that extends north past Mohegan Lake.(Fig. 4) Two types of 
granite were extracted from these locations: Mohegan Gray Granite, described as a light gray 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
12 D. H. Newland, “The Quarry Materials of New York – Granite, Gneiss, Trap and Marble,” The New 
York State Museum Bulletin 181 (January 1, 1916): 112. 
13 D. H. Newland, “The Quarry Materials of New York – Granite, Gneiss, Trap and Marble,” The New 
York State Museum Bulletin 181 (January 1, 1916): 112. 
14 D. H. Newland, “The Quarry Materials of New York – Granite, Gneiss, Trap and Marble,” The New 
York State Museum Bulletin 181 (January 1, 1916): 112. 
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variety, pinkish in hue; and Mohegan Yellow Granite, described as a golden yellow variety, often 
a warm buff in hue.15(Figs. 5-6) The literature regarding Mohegan granite from 1916 includes a 
microscopic analysis of the stone, but makes little distinction between the composition of gray 
and yellow granite. The description reads: 
“The granite from this locality belongs to the medium-grained class, inclining toward the 
finer end of the scale. It is a mixture of feldspar, quartz and mica in their order of 
abundance. The feldspar and quartz are mostly under .25 cm in diameter, the quartz 
individuals occasionally slightly exceeding that limit. The mica includes both biotite and 
muscovite and is so finely divided and evenly distributed as to be little noticeable except 
against the white background of the light gray granite. The feldspars include albite, 
oligoclase and subordinate orthoclase, all of which show incipient alteration by their 
clouded appearance under the microscope. Chlorite is sparingly present as an alteration 
product of the biotite. The accessory constituents include magnetite, zircon and apatite 
in very small amounts.”16 
 
Figure 4. Map of the original quarries near Peekskill, NY. 1) Mohegan 2) Millstone 3) Roberts (all granite) 
4) Frost (crystalline limestone).  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
15 D. H. Newland, “The Quarry Materials of New York – Granite, Gneiss, Trap and Marble,” The New 
York State Museum Bulletin 181 (January 1, 1916): 115. 
16 D. H. Newland, “The Quarry Materials of New York – Granite, Gneiss, Trap and Marble,” The New 
York State Museum Bulletin 181 (January 1, 1916): 116. 
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Figure 5. Mohegan Yellow Granite.  
 
 
Figure 6. Mohegan Gray Granite.  
  
From the same account, the golden characteristic of Mohegan yellow granite was cited 
as a result of limonite stain present at the microscopic borders between feldspar and quartz 
grains. This stain was most often found in association with the quartz grains, which show a 
higher degree of “granulation,” or recrystallization, and thus harbor more locations for 
	   9	  
deposition.17(Fig. 7) In this resource from D. H. Newland, it is proposed that iron-bearing 
solutions from the surface, perhaps from the decay of overlying rock, are the source of 
observed limonite, which was subsequently diffused through capillary openings in the surface 
layers of rock. The author notes the presence of biotite along areas of concentrated limonite. 
However, he denies any potential for the limonite stain to have resulted from a chemical 
alteration of the biotite, which in some cases exhibits a partial or complete change to chlorite, 





















Figure 7. Mohegan Yellow Granite. Shaded regions in illustration show the concentration of limonite 
along the borders and in the cleavage cracks of the mineral grains.  
 
 Chemical and physical testing of Mohegan granite was first carried out in 1904 (without 
a distinction between gray and yellow varieties). Quantities of iron and sulfur were assessed to 
be low, ranging from approximately 1% composition to trace amounts. In addition, “crushing 
strength” was tested, and the resulting data showed an average compressive strength of 19,390 
psi.19 The author of a 1916 account tested the ratio of absorption for both gray and yellow 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
17 D. H. Newland, “The Quarry Materials of New York – Granite, Gneiss, Trap and Marble,” The New 
York State Museum Bulletin 181 (January 1, 1916): 116-7. 
18 D. H. Newland, “The Quarry Materials of New York – Granite, Gneiss, Trap and Marble,” The New 
York State Museum Bulletin 181 (January 1, 1916): 117. 
19 D. H. Newland, “The Quarry Materials of New York – Granite, Gneiss, Trap and Marble,” The New 
York State Museum Bulletin 181 (January 1, 1916): 118. 
Limonite 
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samples, reporting a 0.319% ratio of absorption for Mohegan gray granite, and a 0.368% ratio of 
absorption for Mohegan yellow granite. A chemical analysis of the granite was also carried out 
by one Elwyn Waller around the time of the 1916 publication.20 (Fig. 8) 
 
FIgure 8. Analysis of Mohegan granite by Elwyn Waller.  
 
 
 Subsequent to these early records of testing and analysis, William H. Burr (1851-1934), 
an American civil engineer, directed another round of analyses in 1925 on behalf of the 
Cathedral Church of Saint John the Divine in New York City. As the Cathedral was poised to 
embark on another building campaign for the nave construction, it appears that a new 
assessment of the quality and quantity of Mohegan granite then available from the quarries was 
requested. Dr. R. J. Colony, a geologist at Columbia University, carried out the desired testing. 
Compressive strength of both the yellow and gray varieties was tested, showing that the yellow 
variety exhibited an average compressive strength of 21,916 psi, while the gray variety exhibited 
a slightly higher result, averaging at 22,472 psi. These slightly higher values in comparison to the 
earlier testing were accounted for by improvements in testing protocol. Absorption tests were 
also carried out for both types of granite, resulting in a reported 0.37% absorption of the 
yellow granite, and 0.40% absorption for the gray granite. Burr noted the that the absorptive 
properties of granite would determine its vulnerability to freeze-thaw stresses and the tendency 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
20 D. H. Newland, “The Quarry Materials of New York – Granite, Gneiss, Trap and Marble,” The New 
York State Museum Bulletin 181 (January 1, 1916): 118. 
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of building stone to “lose its outer parts by lamination.” With this in mind, he approved of the 
testing results, which indicated an apparent “high endurance” of Mohegan granite.21  
Burr issued an overall report of approval, satisfied with the testing, noting the practical 
observation that portions of the Cathedral were exposed to the elements for 20-25 years and 
showed no signs of deterioration.  While there appeared to be some contention with regard to 
the amount of true golden granite remaining in the quarry, Burr assessed that there would 
indeed be a sufficient supply of the desired granite to complete the anticipated construction of 
the Cathedral.22 As a final note, both Colony and Burr issued oppositional commentary on the 
previous reports of limonitic stain caused by oxidation. Ultimately, Burr comes to the following 
conclusion on the topic: 
“It is highly probable that the yellow color in the silica of the granite is what Dr. Colony 
calls a ‘primary’ color i.e. a part of the original physical quality of the rock not due to 
any superficial surface action. Indeed there may be seen at opening #2 at the present 
time the buff or golden colored granite much below a mass above it of the ordinary 
grayish tone, which practically eliminates the possibility of the golden tone being due to 
any surface conditions.”23 
 
 With various rounds of testing in place, it appears that the Cathedral Church of Saint 
John the Divine regarded Mohegan granite as a superior building stone. The tonal warmth of 
the golden varieties was highly sought after, and the predominantly finer grain textures 




	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
21 Willaim H. Burr, “Report on the Mohegan Granite Quarries,” written communication between 
William H. Burr and Rev. Ernest M. Stires D. D., Chairman of the Committee on the Fabric, Cathedral 
of St. John the Divine, March 10, 1925. 
22 Willaim H. Burr, “Report on the Mohegan Granite Quarries,” written communication between 
William H. Burr and Rev. Ernest M. Stires D. D., Chairman of the Committee on the Fabric, Cathedral 
of St. John the Divine, March 10, 1925. 
23 Willaim H. Burr, “Report on the Mohegan Granite Quarries,” written communication between 
William H. Burr and Rev. Ernest M. Stires D. D., Chairman of the Committee on the Fabric, Cathedral 
of St. John the Divine, March 10, 1925. 
24 Grenci & Ellis, Inc., “Granite,” Trade catalogue (New York: Grenci & Ellis, Inc., ca. 1930s), 2. 
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DESCRIPTION OF SHEET SCALING  
Scaling: “Detachment of stone as a scale or a stack of scales, not following any stone 
structure and detaching like fish scales or parallel to the stone surface. The thickness of 
a scale is generally of millimetric to centimetric scale, and is negligeable compared to its 
surface dimension.”25  
-ICOMOS-ISCS: Illustrated Glossary on Stone Deterioration Patterns 
 
 
Figure 9. An example of sheet scaling on an exterior ashlar stone at the Cathedral Church of Saint John 
the Divine.  
 
 
Figure 10. An example of sheet scaling on an interior ashlar stone at the Bliss Mausoleum, Woodlawn 
Cemetery. 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
25 ICOMOS-ISCS: Illustrated Glossary on Stone Deterioration Patterns (France: International Scientific 
Committee for Stone, 2008), 26. 













Figure 11. Reflectance Transformation Imaging (RTI) video of sheet scaling at the Cathedral Church of 
Saint John the Divine in various orientations of raking light.  
 
Fundamentally, sheet scaling is a type of granite exfoliation that can occur in single or 
multiple layers.(Figs. 9-11) Deterioration occurs in seemingly regular thin planes beneath the 
surface of a stone that can cause flat layers, or sheets, to be dislodged from isolated areas 
and/or entire surfaces of stone units. This type of deterioration should not be confused with 
delamination, which refers to detachments associated with the bedding planes of sedimentary 
stone. Although delamination occurs in a similar manner to sheet scaling, with the loss of stone 
layers parallel to the surface, it is closely related to the improper orientation of bedding planes 
in the built environment. As granites lack any bedding planes, not only would this terminology 
be misleading, but it is also one of the reasons why scaling of granite is considered somewhat of 
an anomaly. The term blistering should likewise be avoided, as it is used with regard to 
sandstones and an associated detachment of domed morphology due to the expansion and 
weathering of the surface layer. 
In this study, scaling is further differentiated into various sub-types: plaques, plaquettes, 
scales, and flakes. This terminology is mostly borrowed from distinctions made in a 1994 study 
by Silva, Rivas, Prieto, and Delgado Rodrigues, but have been amended slightly to suit the 
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observed conditions.26 Plaques and plaquettes are more than 3 mm thick, the former with a 
surface area greater than 4 cm2, and the latter with a surface area less than 4 cm2. Scales and 
flakes are less than 3 mm thick, the former with a surface area greater than 4 cm2, and the 
latter with a surface area les than 4 cm2.  
Also, in conjunction with observed scaling, granular disintegration was frequently noted. 
This condition ranged from light, where individual grains were dislodged from the newly 
exposed surface, producing a textured or “pocked” appearance, to heavy, where granular 





	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
26 Silva, B., T. Rivas, B. Prieto, and J. Delgado-Rodrigues, “A Comparison of the Mechanisms of Plaque 
Formation and Sand Disintegration in Granite in Historical Buildings,” In Degradation and Conservation of 
Granitic Rocks in Monuments, edited by M. A. Vincente, J. Delgado-Rodrigues, and J. Acevedo (Brussels: 
European Commission, 1996), 269. 
27 ICOMOS-ISCS: Illustrated Glossary on Stone Deterioration Patterns (France: International Scientific 
Committee for Stone, 2008), 20. 
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CHAPTER 2: MOHEGAN GRANITE CASE STUDIES  
 
INTRODUCTION: 
 Initial research of Mohegan granite, as used at the Cathedral Church of Saint John the 
Divine led to a 1981 newspaper article in the North County News by Charles Morrill entitled 
“Grenci, Ellis and the Mellow Golden Granite of Mohegan Lake.” In this publication, a 
description of the abandoned quarry was provided and multiple structures were outlined as 
having been built of Mohegan granite.28 Further research, word of mouth, and images from the 
1930s Grenci & Ellis, Inc. trade catalogue revealed additional sites that could be used in this 
study.  
 From these resources, an array of eighteen structures were chosen to provide a range 
in building type and location, which were concentrated in and around New York City, but 
spanned between Massachusetts and Washington D.C. From the initial list, nine sites were 
confirmed to have been built with Mohegan granite and were selected to comprise case studies, 
including on-site conditions surveys. Of these nine sites, permission for the extraction of 
samples was granted for four sites. Lastly, the original quarry served as the tenth case study 
area, from which sampling was also permitted.  
The inventory of sites included in these case studies provides comparative data for 
Mohegan granite across many variables including construction date, stone finish, and 
condition.(Appendix A) In addition, comparison of building sites to outcroppings in the quarry 
provides information regarding the natural behavior of Mohegan granite versus the in situ 








	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
28 Charles Morrill, “Grenci, Ellis and the Mellow Golden Granite of Mohegan Lake,” North County News 
(March 4-10, 1981). 
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MOHEGAN GRANITE QUARRY  
 
Figure 12. Section of Mohegan Granite Quarry, Peekskill, NY, ca. 1916.  
 
Regular operations at the Mohegan granite site date back to 1892, and were originally 
overseen by Mr. E. P. Roberts.29 The general orientation of the Mohegan granite quarry has 
been outlined in the previous chapter. Around the time of a 1916 publication, the principal 
quarry was located at the south end of the property and served by an inclined cable tramway. 
The quarry was equipped with machinery for breaking, hoisting and cutting granite. However, 
the operation was far from outfitted with contemporary modern efficiencies, as most of the 
stone was dressed by hand on the ground.30 This was a time of slow production and skilled 
craftsmen. Artisans employed at the quarry were predominantly Italian immigrants who had 
learned the stone carving trade from previous generations.31  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
29 D. H. Newland, “The Quarry Materials of New York – Granite, Gneiss, Trap and Marble,” The New 
York State Museum Bulletin 181 (January 1, 1916): 115. 
30 D. H. Newland, “The Quarry Materials of New York – Granite, Gneiss, Trap and Marble,” The New 
York State Museum Bulletin 181 (January 1, 1916): 115-116.	  
31 Trail Signage, Sylvan Glen Park Preserve, Town of Yorktown.  
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In 1925, Thomas H. Ellis and Bruno M. Grenci purchased the quarry and incorporated 
its operations into their Grenci & Ellis firm, a business already involved with a quarrying 
operation in Mt. Waldo, Maine. The Grenci & Ellis trade catalog of the 1930s boasts of the 
company’s machine-age efficiencies. Through such examples of historic literature, oral history, 
and artifacts remaining in the quarry, it is estimated that between the initial purchase in 1925 
and the 1930s, the quarry in Peekskill was modernized through the replacement of steam 
engines, diesel generators, and diesel compressors by electricity as the main power source. 
Overhead electrically driven cranes replaced hand derricks and winches, and two large cutting 
sheds were constructed to house machinery for dimensioning and finishing stone.32 In time, the 
machinery included gang saws, rotary saws, carborundum saws, surfacing machines, boring 
machines, a sand blast outfit, an automatic tool sharpener, and polishing machines.33 (Figs. 13-
17) Despite the advancements, the quarry owners still appreciated the fine skill of their 
workers. (Fig. 18) Ellis’ son, who became treasurer of the firm once stated, “However much the 
development of the machines aided in the production of work, there was always the art of fine 
hand carving required in most architectural building jobs.”34 
Proximity to New York City made the Mohegan granite quarry an ideal hub for the 
Grenci & Ellis operations, as many of the firm’s commissions were located in the area. On 
occasion, stone from Maine would be shipped down to Peekskill by barge. From the Peekskill 
port at the Hudson River, the shipment would be transported into the quarry by motor or rail, 
where the stone would be cut and carved. Once the order was complete, the stone would be 
transported out of Peekskill by a new fleet of trucks.35  
While production from the Mohegan granite quarry reached its peak soon after Grenci 
& Ellis took over the business, the strains of the Great Depression followed by the onslaught of 
World War II drained the operation of all momentum. Perhaps the quarry lost its workforce to 
the armed forces, or perhaps the industry simply lulled with wartime preparations. Regardless, 
by 1941 the operations at Mohegan granite quarry had been halted, and the property was 
essentially abandoned. Partially carved stones were left in place, steel equipment and cables 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
32 Trail Signage, Sylvan Glen Park Preserve, Town of Yorktown. 
33 Grenci & Ellis, Inc., “Granite,” Trade catalogue (New York: Grenci & Ellis, Inc., ca. 1930s), 5-6. 
34 Charles Morrill, “Grenci, Ellis and the Mellow Golden Granite of Mohegan Lake,” North County News 
(March 4-10, 1981). 
35 Grenci & Ellis, Inc., “Granite,” Trade catalogue (New York: Grenci & Ellis, Inc., ca. 1930s), 7.	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were relinquished to rust in the elements, work sheds were left to crumble to their 
foundations, and the inherently heavy forest growth was unimpeded from encroaching on the 
once active quarry sites. 
After lying dormant for approximately 40 years, the property was purchased by the 
Town of Yorktown in 1981. The town transformed it into an expansive 200-acre nature 
preserve known as the Sylvan Glen Park Preserve. What remained of transportation networks 
into and around the quarry were reclaimed and incorporated into a new system of trails. The 
remnants of the quarry operation were mostly left in situ, scattered throughout the landscape. 
The history of the quarry has become a feature of the territory, promoted by the Yorktown 
Land Trust, a nonprofit corporation established in 1986 working to preserve and manage the 
open spaces in and around the Town of Yorktown.  
 
 
Figure 13. Twelve foot granite cutting saw blade, an example of the type of machinery housed within the 
quarry.  
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Figure 14. Rotary stone saw in operation.  
 
 
Figure 15. Carborundum machine in operation.  
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Figure 16. Surfacing of quarry block prior to cutting and finishing.  
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Figure 18. Grenci & Ellis craftsman at work.  
 
SURVEY AND CONDITIONS 
The preserve was hiked and surveyed on October 6, 2013 and January 20, 2014. 
Photographs were taken with a Canon EOS Rebel XSi digital camera, and field notes were 
recorded to document the observed features and conditions. 
Due to the mixed use of the quarry with outside stone having been shipped into the site 
for finishing, the trails are frequently littered with fragments of stone of unknown provenance. 
Therefore, despite the plentitude of hand samples available on and around the trails, it was 
decided that sampling should be carried out directly from accessible rock face to better ensure 
that samples were of Mohegan granite. Differentiation of gray and yellow varieties proved 
difficult, as the weathered and soiled rock face did not exhibit the true coloration of freshly cut 
stone.  
The majority of the network of trails was traversed in an effort to locate appropriate 
areas for future sampling. Two sites were selected as primary locations.(Fig. 19) The first, 
designated “A” was a small outcropping near the southwest loop of the Turtle Pond Trail. (Fig. 
20) This site was chosen as there were clear indications of previous quarry activity, and the 
stone was of a relative gray to light buff coloration. In addition, some plaque and plaquette 
formation was observed, behind which there was often a rust discoloration and/or biological 
growth. (Fig. 21) 
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The second site was selected at the intersection of the end of the Turtle Pond Trail and 
the southwest portion of the High Quarry Trail. (Fig. 22) Here, massive rock face was exposed 
on two side of a chasm. Various quarry machinery was scattered throughout the chasm floor 
and around the cliff edge above. The stone found here appeared to be of a slightly darker buff 

































































Figure 21. Sylvan Glen Park Preserve, originally Mohegan Granite Quarry, Sampling Site A. An example 

























Figure 22. Sylvan Glen Park Preserve, originally Mohegan Granite Quarry, Sampling Site B. 
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SAMPLING 
Permission for sampling was granted by the Town of Yorktown, Parks and Recreation 
Commission. Samples were acquired on March 8, 2014. Cores and scaling samples were 






























































































Figure 25. Quarry sample are A1 after coring. Quarry sample area A2 prior to plaquette removal. 
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BUILDINGS: 
 
CATHEDRAL CHURCH OF SAINT JOHN THE DIVINE 
 
Figure 34. The Cathedral Church of Saint John the Divine. 
 
A major landmark of New York City, the cathedral of the Episcopal Diocese of New 
York, known as the Cathedral Church of Saint John the Divine, is located on Amsterdam 
Avenue, between West 110th Street and 113th Street.(Fig. 34)  Notable for the nave’s expansive 
height, the cathedral has the third tallest interior height, falling just 26 feet below Saint Peter’s 
in Rome, and the Cathedral of Seville in Spain.36  
The construction of the Cathedral of Saint John the Divine begins with a design contest 
initiated by Bishop Henry Codman Potter of the Episcopal Diocese of New York. George Lewis 
Heins and C. Grant LaFarge won the commission with a Byzantine-Romanesque design scheme, 
using Mohegan yellow granite for the exterior walls. Construction of the cathedral began in 
1892 and continued until 1911. This phase of construction mostly focused on the general 
excavation of the site, and construction of the apse, east end chapels, and crossing.  
During this first phase, however, Heins passed away suddenly in 1907, leaving LaFarge to 
head the project. Disagreements between committee and architect eventually led to LaFarge’s 
dismissal and subsequent replacement with architect Ralph Adams Cram. With renewed 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
36 The Cathedral of St. John the Divine: Its Progress Pictured (January, 1928), 20. 
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initiative, Cram then took the opportunity to inject a French-Gothic aesthetic into the 
construction plans. Under Cram’s influence the Cathedral of Saint John the Divine underwent 
its second design phase from 1916-1941. 
During this time, construction continued into the nave, and the Cathedral was finally 
opened in full, though incomplete, just one week before the bombing of Pearl Harbor in 1941.  
Although construction was intended to continue, with limited funds and resources brought 
about by both World Wars, building of the Cathedral was stalled in the mid-1940s.   
After approximately 30 years, the third phase of construction gained momentum 
starting in 1973. Further construction in the 1980s brought the 50-foot limestone extension of 
the south tower of the west façade.  In 1997, the statuary of the western façade central portal 
was completed with the oversight of master stone carver Simon Verity.37 
Since the arrival of the new millennium, construction plans have once again been stalled. 
More recently, in 2013, structural engineers from Robert Silman Associates, P.C. and 
architectural conservators from Building Conservation Associates, Inc. carried out an interior 
and exterior conditions assessment. During this time, extensive exfoliation and deterioration of 
the exterior granite surfaces were noted. In an effort to protect pedestrian walkways 
surrounding the Cathedral, steel hammers and scrapers were used to remove loose surface 
layers of stone to mitigate the conditions.38 
 
SURVEY AND CONDITIONS 
The building was surveyed on multiple occasions between the Fall of 2013 and the 
Spring of 2014. Photographs were taken with a Canon EOS Rebel XSi digital camera, and field 
notes were recorded to document the observed features and conditions. 
The Cathedral Church of Saint John the Divine’s exterior walls comprise Mohegan 
yellow granite ashlar units in a hammered finish and smooth sawn Indiana limestone 
stringcourses, sills and tracery. Structurally, the Cathedral walls appear to be sound, although 
extensive soiling, calcite deposition, and scaling deterioration is present. (Fig. 35) Overall, with 
regard to scaling, the earlier construction of the east chapels shows slightly less extensive 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
37 The Cathedral Church of Saint John the Divine, Landmarks Preservation Commission, June 17, 2003, 
Designation List 347, LP-2127, Designation Denied, 7.  
38 Evan Kopelson, The Cathedral Church of Saint John the Divine, Report Narratives from Vertical 
Access, September 24, 2013 and June 20, 2013. 
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deterioration, although this condition is found through all elevations of the Cathedral. Often, 
losses seem to be associated with areas where runoff is likely to be concentrated, for instance, 
below the corner of a gabled element. (Fig. 36) With even more frequency, losses due to 
scaling conditions seem to be localized to areas directly beneath, and sometimes directly above, 
a projecting element. (Fig. 37) Observed scaling conditions included flake and scale formation 
with heavy associated granular disintegration. Scaling was most often found in a single layer on 
the surface of granite units. (Fig. X) However, scaling could reach a depth of three or more 






















































































Figure 37. Scaling directly below and above a projecting element. 
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Figure 39. Multiple layers of sheet scaling.  
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SAMPLING 
Samples from the north elevation of the nave, triforium level, were obtained on 
November 15, 2013. At the east return of the north tower, in the protected south return of 
the door, core sample 1 was removed. (Fig. 40) This location was fairly intact and was intended 
to give a baseline stone mineralogy. At the east return of the north tower, to the right of the 
door, core samples 2 and 3 were removed. (Fig. 41) Similar to sample 1, these locations 
represented stable stone samples.  At the same stone unit from which sample 1 was extracted, 
scale formation and heavy granular disintegration were noted in the upper right corner of the 
stone. This area was selected for sample 4, which included the surface scale, as well as a core 
from behind. (Figs. 42-43) At the west return of the third full buttress from the north tower, 
core sample 5 was removed. (Fig. 44) This location was selected because there was a higher 
concentration of dark soiling on the stone surface. At the east return of the third full buttress 
from the north tower, core sample 6 was removed. (Fig. 45) This location had a sizeable calcite 
deposit, through which the sample was extracted. Building Conservation Associates also 
provided a sample, BCA 1. The original location of this sample was not documented, although 
based on it’s shape, it was assumed to have been taken from a carved element on the higher 






















Figure 40. Sample 1. 













































Figure 42. Sample 4, prior to scale removal  
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Figure 45. Sample 6 core, from a location with a calcite deposit. 
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Figure 47. City Bank - Farmers Trust Co. Building. 
 
The City Bank – Farmers Trust Building, located at 20 Exchange Place, is a 59-story 
“Modern Classic” or Art Deco office building in New York City.39(Fig. 47) Constructed 
between 1930-1931 by the Fuller Construction Company, it was designed by the architectural 
firm Cross & Cross for the National City Bank of New York and the Farmers’ Loan and Trust 
Company, which had recently merged into a single financial corporation.40 While the first story 
of the structure was clad in honed Mohegan granite, Rockwood Alabama limestone was used 
throughout the upper stories, which soared to the heights of the city’s skyline, making the 
structure the fourth tallest building at the time.41 Aside from its impressive height, the building 
has also become notable for the elaborately ornamented doors of nickel silver with bronze trim 
by British sculptor David Evans.42 In addition, the first story stands out among the tight financial 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
39 “City Bank – Farmers Trust Company Building Designation Report,” Landmarks Preservation 
Commission, Designation List 273, June 25, 1996, 1. 
40 “Another Tower in Wall Street Awaits Tenants,” New York Herald Tribune, February 19, 1931, 38. 
41 “Another Tower in Wall Street Awaits Tenants,” New York Herald Tribune, February 19, 1931, 38. 
42 “City Bank – Farmers Trust Company Building Designation Report,” Landmarks Preservation 
Commission, Designation List 273, June 25, 1996, 1. 
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district streets with overscaled moldings and archways, one of which is adorned with eleven 
carved Mohegan granite coins, which represent countries with branches of the National City 
Bank. (Figs. 48-49) After functioning as the headquarters for various financial institutions over 
the years, 20 Exchange Place is now owned by the West World Holding Company, Inc.43 In 



























Figure 48. 20 Exchange Place, ca. 1994. Lower stories of the building with overscaled moldings 
and archways.  
 
 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
43 “City Bank – Farmers Trust Company Building Designation Report,” Landmarks Preservation 
Commission, Designation List 273, June 25, 1996, 6. 
Mohegan Granite 
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Figure 49. City Bank Farmers Trust Co. Building, Main Entrance at William Street and Exchange 
Place, ca. 1930s.  
 
SURVEY AND CONDITIONS 
The building was surveyed on January 2, 2014. Photographs were taken with a Canon 
EOS Rebel XSi digital camera, and field notes were recorded to document the observed 
features and conditions. 
 The structure appears to be in sound condition, and as the literature outlined, Mohegan 
granite clads the first story of the building. Most of the granite is regularly coursed ashlar 
dressed with a sawn or honed finish, although an oversized half-round molding separates the 
top of the first story from the upper floors. In addition, finely carved details are located around 
entranceway surrounds and wall vent covers.  
On the day of the survey, scaffolding had been erected around the building, creating a 
pedestrian shed. This limited visibility, however some scaling conditions could be observed. The 
downward curving or underside of the oversized half-round moldings showed evidence of flake 
and scale formation. (Figs. 50-51) Scale formation was also noted on some of the flat ashlar 
surfaces beneath the projecting molding. (Fig. 52) In arched entranceways, flake and scale 
formation was noted on the rounded moldings, the flat ashlar entranceway returns, and often 
low to the ground. (Fig. 53) 

































































































Figure 53. Flake and scale formation on the rounded moldings surrounding entranceways, in the returns 
on flat ashlar, and near ground level.  
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SAMPLING 
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CONNECTICUT STATE ARMORY AND ARSENAL 
 
Figure 54. The Connecticut State Armory, 1910 postcard.  
 
The Connecticut State Armory and Arsenal is located at 360 Broad Street, in Hartford, 
Connecticut.(Fig. 54) It has served as the headquarters of the Connecticut Military Department 
and the nexus of National Guard activity since its completion in 1909. Designed by Benjamin 
W. Morris, who was formerly of the Carrere & Hastings firm, the building is an example of 
Classical Revival architecture combined with armory and arsenal traditions. The structure 
consists of two major sections: a vast gable-roofed drill shed nestled into a U-shaped three-
story head house, which includes spaces for administrative and social functions. The design and 
structural complexities of the head house combined with the sheer magnitude of the drill shed 
proved challenging for engineers and contractors alike. Innovative use of reinforced concrete 
helped to meet and exceed structural specifications, while the exterior was clad in regularly 
coursed rock face ashlar of Mohegan yellow granite and trimmed with cast-in-place concrete 
decorative elements.44  
By the 1980s, many of the cast concrete elements, including lintels, triglyphs, and 
massive ornamental figureheads, had shown signs of deterioration. Corrosion of the steel 
reinforcing found within these elements had resulted in cracks in the concrete, eventually 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
44 Geoffrey L. Rossano and Mary M. Donahue, Built To Serve: Connecticut’s National Guard Armories 1865-
1940 (Connecticut: Connecticut Historical Commission, 2003), 86-95. 
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leading to loss as pieces dislodged from the surfaces.45 In response, between 1994-1996, 
restoration of the Armory and Arsenal was overseen by Louis J. Colavecchio, AIA. The project 
involved the removal of the cast concrete elements, and replacement with Indiana limestone 
while no restoration was needed for the granite cladding. However, around the time of the 
restoration, the exterior of the Armory and Arsenal was cleaned by power-washing, a 
maintenance treatment the Armory employs every 10-20 years.46  
The Connecticut Armory and Arsenal has a storied history not only in light of its 
architecture, but also as a result of its important role in military operations. As such, the 
structure was named to the National Register of Historic Places in 1996, the same year of its 
rededication.47   
 
 
SURVEY AND CONDITIONS 
The building was surveyed on January 1, 2014 and April 2, 2014. Photographs were 
taken with a Canon EOS Rebel XSi digital camera, and field notes were recorded to document 
the observed features and conditions. 
 The external façades of the Connecticut State Armory and Arsenal are in very good 
condition. (Fig. 55) The Mohegan yellow granite shows very few signs of scaling deterioration. 
Over the great expanse of the exterior, plaque and plaquette formation could be seen in 
various discrete locations. (Fig. 56) However, flake and plaquette losses could be seen around 
window openings and near lintels or course bands. (Figs. 57-58)  
 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
45	  Louis	  J.	  Colavecchio,	  AIA,	  personal	  communication,	  April	  2,	  2014.	  
46	  Ray	  Mercer,	  personal	  communication,	  April	  10,	  2014.	  
47 State Arsenal and Armory, Hartford, Connecticut, National Register of Historic Places Registration 
Form, 1996.  
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Figure 58. Losses around window openings, near lintels and course bands.  
 
SAMPLING 
 Permission to sample at this location was not granted.  
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FIRST CHURCH OF CHRIST, SCIENTIST 
 
Figure 59. First Church of Christ, Scientist, Reading Massachusetts, ca. 1930s.  
 
 The First Church of Christ, Scientist is located at 32 Lowell Street in Reading, 
Massachusetts.(Fig. 59)The 1930s trade catalogue from Grenci & Ellis, Inc. states that the 
building was designed by McFarland & Colby, noted Boston architects. However, according to a 
1984 National Register listing, which includes the structure within the Reading Historic District 
and the Multiple Resource Area, the design belongs to a local architect by the name of George 
H. Sidebottom.48 The Late Gothic Revival style church was constructed and clad with ashlar 
rock face Mohegan yellow granite and sawn limestone trim between 1913-1914. Later, at some 
unknown date, the crenellated bell tower was deconstructed and rebuilt using primarily original 
stone.49 Currently, the building is privately owned by Denise Cecere, and has been adapted to 
accommodate the Northeast School of Ballet.  
 
SURVEY AND CONDITIONS 
The building was surveyed on January 20, 2014 and March 7, 2014. Photographs were 
taken with a Canon EOS Rebel XSi digital camera, and field notes were recorded to document 
the observed features and conditions. 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
48 “Reading Multiple Resource Area,” National Register of Historic Places Inventory Nomination Form, 
1984, 12. 
49 Denise Cecere, personal communication, March 7, 2014. 
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 The facades of the structure appear to be good condition, although light to moderate 
scaling was found on all elevations in the form of plaquettes and flakes, following some of the 
natural contours of the rock face. (Figs. 60-61) An exception to this was found at the two 
cornerstones on the north elevation. These ashlar Mohegan granite stones are inscribed and 
polished smooth. These stones are in excellent condition, with only small areas of light granular 
disintegration. (Figs. 62-64) At the northwest corner of the building, concentrations of leaching 
mortar were noted, but with no associated increase in the scaling conditions (Fig. 65) Biological 
growth was heaviest on the east and west elevations, once again with no perceptible increase in 
the amount of scaling conditions at these locations.(Fig. 66) However, where plaquettes or 
flakes were removed from the surface of the stone, biological growth was found in the crevice, 



















































































Figure 63. Polished cornerstone at north elevation. 
 
Figure 64. Detail of polished cornerstone with light granular disintegration. 
 







































Figure 66. Biological growth. 
 
 











































 Core sampling directly from the exterior of the building was not permitted. However, 
building owner Denise Cecere granted permission to remove plaques and flakes from the east 
and north elevations, as well as a block of stone that had been stored in the basement area 
since the rebuilding of the bell tower. (Fig. 69) Based on the soiling patterns and residual 
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adhered mortar, it was assumed that this block was original to the structure and was initially 
located on the exterior of the bell tower. A portion of the exterior face of this stone was 
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WESTCHESTER COUNTY NATIONAL BANK 
 
Figure 70. Westchester County National Bank, Peekskill, NY, ca. 1930s.  
 
The former Westchester County National Bank is located at 16 Bank Street and 37-39 
North Division Street in Peekskill, New York.(Fig. 70) This structure was built in 1922 to 
replace an older building that had housed the same banking corporation since 1833.50 The 
building is clad with regularly coursed honed or sawn ashlar blocks of Mohegan yellow granite 
from the nearby quarry. The original grand entranceway on North Division Street is flanked by 
massive ionic columns, a classical entablature, and a crenellated parapet.  
By the late 1980s and the early 1990s the property had fallen out of use and was 
purchased at auction in 1992. Currently, it has been adapted for the office space of WMG, Inc., 
a nuclear grade services and software company. Since the acquisition of the property in the 
1990s, scaling conditions had been causing debris to dislodge from the parapet wall of the 
North Division Street façade.  It was determined that a leak in the roof area was the major 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
50 “Peekskill Downtown Historic District,” National Register of Historic Places Registration Form, 
United States Department of the Interior, January 12, 2003, Continuation Sheet, Section 7, p. 12 and 
Section 8, p. 4. 
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cause of the damage, which was subsequently mitigated. Approximately at the same time, loose 
scales were scraped from the exterior surfaces, and the entire façade was coated in paint.51 
This property has evolved through a number of adaptations with regard to the 
structure, its surrounding environment, and its use. Despite this, the building maintains a sense 
of integrity and cohesiveness with much of the surrounding fabric that was constructed around 
the late 1800s to the early 1900s. The National Register recognized this fact in 2003, with the 
designation of Peekskill’s Downtown Historic District, in which the former Westchester 
County National Bank is inventoried.52 
 
 
SURVEY AND CONDITIONS 
The building was surveyed on January 4, 2014 and March 7, 2014. Photographs were 
taken with a Canon EOS Rebel XSi digital camera, and field notes were recorded to document 
the observed features and conditions. 
The facades of the former Westchester County National Bank are in overall sound 
condition. The Bank Street façade was not of interest for this study, as it was constructed at a 
later date than the North Division Street façade, and was built with as yet undetermined 
materials. The North Division Street façade was in fair condition with much of the original 
material still extant, despite the infill of what appears to be cement block around the 
entranceway, which is no longer functional. (Fig. 71)  
Viewed from the ground level, flaking paint was observed to be concentrated on the 
surfaces below the parapet, and on the surfaces beneath the dentil moldings. (Fig. 72) These 
sites may be associated with ongoing water infiltration problems at the roofline and scaling 
conditions. On column plinths and at the ground level ashlar courses, similar conditions were 
observed. Granite scale and flake formation appeared to adhere to the backside of detaching 
paint. (Figs. 73-74)  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
51	  Mark	  Trager,	  personal	  communication, Chief Financial Officer and Vice President of WMG, Inc., 
March 7, 2014.	  	  
52 “Peekskill Downtown Historic District,” National Register of Historic Places, 2003.	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Figure 73. North Division Street Façade. Flaking paint and scaling granite on column plinth. 
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SAMPLING 
Sampling was permitted by Mark Trager, the Chief Financial Officer and Vice President 
of WMG, Inc., and carried out on March 7, 2014. On the North Division Street façade, a 
location for coring was selected on the inner face of the north column plinth. Although low to 
the ground, this site did provide an inconspicuous location. (Fig. 75) The surface flake, with 
paint still adhered, was removed with a palette knife and a core was drilled directly behind this 
























































































Figure 77. Sample location after flake removal. 























Figure 78. Sample location after core removal. 
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BRIDGES & MONUMENTS  
 
GEORGE WASHINGTON BRIDGE 
 
Figure 79. Aerial View of the George Washington Bridge, Port of New York Authority, April 4,1948,  
 
 The George Washington Bridge is a center span suspension bridge over the Hudson 
River, linking the Washington Heights neighborhood at West 178th Street in New York City, 
New York to Fort Lee in Bergen County, New Jersey.(Fig. 79) Construction of this Port of 
New York Authority project was overseen by the Authority’s own Chief Engineer Othmar 
Ammann (1879-1965), and consulting architect Cass Gilbert (1859-1934). At the time of the 
bridge’s opening in 1931, it was known as the longest main span in the world at 3,500 ft, 
doubling the length of the previous record-holder, the Ambassador Bridge in Detroit, 
Michigan.53 This achievement was in large part due to Ammann’s innovative design and the use 
of stiffening trusses with greater flexibility than previously used in suspension bridges.54 The 
original Cass Gilbert design called for the two main towers to be encased in concrete and clad 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
53 George Washington Bridge, National Historic Civil Engineering Landmark Nomination Form, March 
16, 1981, 2. 
54 George Washington Bridge, National Historic Civil Engineering Landmark Nomination Form, March 
16, 1981, 3. 
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in granite.(Fig. 80) With financial constrictions that accompanied the Great Depression, the 
steel towers were left exposed. Eventually, the aesthetic of the unfinished steel lattice that 
comprised the two bridge towers would become the most significant and recognizable 
characteristic of the bridge.  
Heralded for its modern reveal of form and function, as well as the great engineering 
achievement accomplished by the span, the bridge was designated a National Historic Civil 
Engineering Landmark by the American Society of Civil Engineers in 1981. For this study two 
locations are of interest: the access ramps, which are clad with Mohegan granite, various field 
stones, and Deer Isle granite copings (Fig. 81); and the New York approach, which is clad in a 
patchwork of regularly coursed rock face ashlar, including Mohegan granite.(Figs. 82) 
 
Figure 80. Hudson River Bridge, Wurts Bros. (New York, N.Y.). Gelatin silver print of an architectural 



















































Figure 82. George Washington Bridge, New York approach. Mohegan yellow granite present along with 
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SURVEY AND CONDITIONS 
The structure was surveyed on January 13, 2014. Photographs were taken with a Canon 
EOS Rebel XSi digital camera, and field notes were recorded to document the observed 
features and conditions. 
New York access ramps appear to be in sound condition and no scaling conditions were 
observed at this portion of the site. On the New York approach there is some evidence of 

























Figure 83. George Washington Bridge, New York Approach, South Elevation. Detail of Mohegan yellow 
granite ashlar with plaquette and scale formation.  
SAMPLING 
 Access to the areas of interest would require special rigging or scaffolding, as well as 
special permission from the Transit and Port Authorities. Therefore, sampling from this 
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JOAN OF ARC MONUMENT 
 
Figure 84. Statue of Joan of Arc, ca. 1915-16.  
 
Situated in Riverside Park in New York City, at 93rd Street and Riverside Drive, the Joan 
of Arc Memorial stands as one of the most impressive works by renowned artist Anna Vaughn 
Hyatt Huntington.(Fig. 84) In 1909, a prominent group of citizens formed the Joan of Arc Statue 
Committee in an effort to erect a monument that would commemorate the 500th anniversary 
of the birth of Joan of Arc (commonly accepted as January 6, 1412).55 The Committee awarded 
Anna Vaughn Hyatt Huntington, a rising young female sculptor at the time, the commission for 
the equestrian bronze statue of Joan of Arc. John Vredenburgh Van Pelt, an architect and 
landscape architect, was chosen to design both the pedestal and surround of the statuary.56  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
55 George Frederick Kunz, Ph. D., The Dedication of the Statue of Joan of Arc (New York: The American 
Scenic & Historic Preservation Society, 1916), 7. 
56 George Frederick Kunz, Ph. D., The Dedication of the Statue of Joan of Arc (New York: The American 
Scenic & Historic Preservation Society, 1916), 12. 
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The base of the statue is architectural and gothic in design, with closed pointed arches 
detailing the pedestal. Mohegan yellow granite was used throughout this structure, as well as 
the surround, which comprises the stair treads, benches, and retaining walls. The Mohegan 
granite was honed or sawn in finish. Limestone from the castle in Rouen, where the Maid of 
Orleans was imprisoned, and limestone from the Cathedral of Rheims, where the Charles VII 
was crowned through Joan’s efforts, were both incorporated into the construction of the 
base.57 These were symbolic gestures to illustrate Joan of Arc, surmounting her victories as well 
as her oppression. With much attention to detail, the monument was at last dedicated on 
December 6, 1915 in a celebratory ceremony held in Riverside Park. 
In 1939, the New York City Parks Department carried out some restoration efforts on 
the monument. Joan of Arc’s previously broken sword was repaired, and the entire bronze 
statue was repatinated. In addition, the staircase of the surround was repaired. In 1987, the 
sculpture once again underwent a conservation treatment, although to date, the Mohegan 
granite elements have not needed or received any restoration or cleaning treatments.58  
 
SURVEY AND CONDITIONS 
The monument was surveyed on January 1, 2014. Photographs were taken with a Canon 
EOS Rebel XSi digital camera, and field notes were recorded to document the observed 
features and conditions. 
All components of the memorial appear to be in sound condition. (Fig. 84) However, 
small areas of previous flake formation or granular disintegration of stone surfaces were noted 
in many recessed areas, beneath projecting elements. (Fig. 85) Many of these areas of loss show 
some association with the presence of a darker yellow grain coloration. (Fig. 86) The surround 
shows signs of low-level granular disintegration, along with an occasional scale formation found 
on the benches to the south of the monument. (Fig. 87)  
 
 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
57 George Frederick Kunz, Ph. D., The Dedication of the Statue of Joan of Arc (New York: The American 
Scenic & Historic Preservation Society, 1916), 20-24. 
58 “NYC Parks, Riverside Park, Joan of Arc Memorial,” accessed February 10, 2014, 
http://www.nycgovparks.org/parks/riversidepark/monuments/819	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Figure 85. Areas of granular disintegration or previous flake loss. 
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Figure 86. Detail of granular disintegration with a darker golden yellow discoloration in the areas 
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SAMPLING 
 The New York City Parks and Recreation Department maintains a strict policy 
prohibiting destructive interventions of the monuments within their collection. For this reason, 
permission to sample from the base of the monument or the surround was denied.  
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MAUSOLEA  
 
BLISS MAUSOLEUM, WOODLAWN CEMETERY 
 
Figure 88. Bliss Mausoleum, Woodlawn Cemetery, Front Elevation (East). Heins & LaFarge, Drawing No. 
14, Dec. 20, 1901.  
  
 Woodlawn Cemetery, a National Historic Landmark, is located in the Bronx, New 
York, bordered by Jerome Avenue, East 233rd Street, Webster Avenue, and East 211th Street. 
Within this 400 acre site, the George T. Bliss mausoleum is located on a circular lot in the 
Chestnut Hill Plot, in Section 124.59(Fig. 88) Family members interred here include: George T. 
Bliss, Jeanette D. Bliss and their only daughter, Susan D. Bliss. Mr. Bliss was a successful 
financier of the firm Morton, Bliss & Co., who passed away suddenly at the age of 49 in 1901.60 
His wife, Jeanette Bliss, commissioned the mausoleum’s design that same year from prominent 
architects, Heins & LaFarge. E. P. Roberts was contracted to fabricate the structure with stone 
from the Mohegan Granite Company, while the Guastavino Company was hired to create 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
59 Woodlawn Cemetery, United States Department of the Interior, National Park Service National 
Register of Historic Places Registration Form, 16. 
60 “George T. Bliss Dead: Unable to Rally from an Attack of Appendicitis,” New York Tribune, March 25, 
1901, 2. ProQuest (570926728). 
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Guastavino arches to support the floor above the crypt, and an interior domed ceiling.61 In 
1920, alterations were made to the structure by Mink & Eggers.62(Fig. 89) Access to the crypt 
was moved from the central space within the mausoleum to a side entranceway on the north 
elevation of the building. In an effort to keep the building design balanced, two flanking 
structures, topped with massive carved granite urns, were added to both the north and south 
side elevations. Delano and Aldrich were later hired in 1924 to provide additional supports for 
the structure, with concrete footings and arches.63 Up to the present day, there have been no 
other major alterations to the structure.  
 The exterior of the Mausoleum is clad in regularly coursed Mohegan gray granite of a 
honed or sawn finish. There are numerous carved details on all elevations, including intricate 
frieze details within the gabled entablatures, garland swags, and relief carvings on the massive 
pair of urns flanking the structure. Although additions were made to the structure 
approximately 20 years after its initial construction, it appears that Mohegan gray granite was 
used throughout the exterior of the mausoleum despite the later building campaign. 
 
Figure 89. Bliss Mausoleum, Woodlawn Cemetery. Charles Mink, Architect, Alteration to Mausoleum 
for Mrs. Geo. T. Bliss, Front Elevation and Half Long Section, 1920.   
 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
61 Woodlawn Cemetery, United States Department of the Interior, National Park Service National 
Register of Historic Places Registration Form, 16. 
62 FC WCA Major Monuments, Bliss, George T., Mrs. 2006.009, Avery Drawings & Archives, Columbia 
University. 
63 Delano & Aldrich, Alteration to Mausoleum, Woodlawn Cemetery, for Miss Susan D. Bliss, Owner, 
Cross Section, Longitudinal Section, and Plan, December 15, 1924. FC WCA Major Monuments, Bliss, 
George T., Mrs. 2006.009, Avery Drawings & Archives, Columbia University.	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SURVEY AND CONDITIONS 
The mausoleum was surveyed on February 2, 2014 and March 9, 2014. Photographs 
were taken with a Canon EOS Rebel XSi digital camera, and field notes were recorded to 
document the observed features and conditions. 
Overall, the structure appears to be sound (Fig. 90), although a number of conditions 
are of note with regard to granite scaling, found both on the exterior and the interior of the 
monument. On the exterior, the front elevation bears little evidence of scaling conditions 
although some of the approach stair treads show signs of scaling on their top surfaces and 
risers. (Fig. 91) On the mausoleum itself, the flat expanses of granite cladding show evidence of 
granular disintegration on all elevations. (Fig. 92) This condition is not very extensive, as it 
appears that mere individual grains have been lost from the surface, leaving a slightly irregular 
or “pocked” texture to the surface. Of the greatest interest with regard to the exterior 
conditions, the rear elevation shows the most extensive accumulation of biological growth as 
well as the most significant evidence of scaling granite. (Fig. 93)  At this elevation, there is a 
continuous rectilinear band course, which visually separates the lower level of the crypt from 
the upper area of the domed mausoleum. It is at this location that the most extensive scaling 
can be found. The band course has a drip edge projecting approximately 1 inch from the surface 
of the granite, directly below which flake and scale formation was noted, as well as granular 
disintegration. (Fig. 94) 
On the interior of the mausoleum, honed or sawn ashlar Mohegan yellow granite was 
used to clad the walls of the main level above the open crypt. Although slightly humid within 
this interior space, there was no evidence of water damage, biological growth, or salt 
efflorescence. However, nearly every stone showed significant surface loss as a result of scaling 
and granular disintegration. (Fig. 95) Almost entire spans of individual units were exfoliating in 
single sheet scales were prevalent, and many of the losses seemed to begin in the center of the 
ashlar stones and progress outward toward the mortar joints. (Fig. 96) 
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Figure 91. Detail of stair tread with evidence of scale formation on the top surface and riser.  
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Figure 94. Detail of scale formation beneath the projecting edge of a course band.  
 
 
Figure 95. Extensive scaling conditions on the interior of the mausoleum.  
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Figure 96. Detail of ashlar Mohegan yellow granite on the interior of the mausoleum showing extensive 
loss progressing from the center of the stone. 
 
SAMPLING 
 Sampling was permitted by Susan Olsen, Director of Historical Services at Woodlawn 
Cemetery, and carried out on March 9, 2014. On the exterior of the mausoleum, a location 
was selected on the south side of the rear elevation, directly beneath the projecting course 
band. (Fig. 97) The surface scale was removed with a palette knife and a core was drilled 
directly behind this initial location. (Fig. 98) From the interior, scales were removed from the 


















Figure 97. Sample location prior to scale removal and coring.  
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ELLIS MAUSOLEUM, HILLSIDE CEMETERY 
 
Figure 99. Ellis Mausoleum, Hillside Cemetery, Cortlandt Manor, NY. Ca. 1930s.  
 
 
 The Hillside Cemetery is located on Oregon Road in Cortlandt Manor, New York, and 
is the site of family plots for both partners of Grenci & Ellis, Inc. Of interest for this study is the 
Ellis mausoleum, which was pictured in the Grenci & Ellis Trade Catalogue from the 1930s. (Fig. 
99) Without extensive records archived at the cemetery, the construction date is assumed to 
be between 1930-1931 based on the earliest burial date. Family members interred here include: 
Thomas Henry Ellis, partner in Grenci & Ellis, Inc. (1864-1930); Bertha Gardner Ellis (1873-
1935); William Frederick Ellis (1900-1976); Ladora A. Ellis (1899-1992); and William Frederick 
Ellis, Jr. (1934-1988). The mausoleum is a simple, moderately sized and classically inspired 
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SURVEY AND CONDITIONS 
 The mausoleum was surveyed on March 7, 2014. Photographs were taken with a Canon 
EOS Rebel XSi digital camera, and field notes were recorded to document the observed 
features and conditions. 
 Overall, the structure appears to be sound.(Fig. 100) However, calcite deposits are 
present on all elevations, perhaps indicative of leaching from mortar joints.(Fig. 101) In addition, 
flake formation and surface granular disintegration were noted at the following locations: under 
the drip edge of the stone cornice; in the vicinity of the stained glass window; on the underside 
of the frieze course projection; on the surface of the lintel above the entranceway; and on the 
returns of the entranceway.(Figs. 102-103)  
 
 
Figure 100. Ellis Mausoleum, Hillside Cemetery, Front Elevation (East).  
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Figure 102. Detail of flake formation at the lower left edge of the stained glass window.  
 
 


















Figure 103. Detail of granular disintegration and flake formation underneath the frieze course projection, 
on the surface of the lintel above the entranceway, and in the returns of the entranceway. 
 
SAMPLING 
 Sampling was not possible at this site. Neither the cemetery nor the descendants of the 
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ANALYSIS OF SITE OBSERVATIONS 
 
 Through the survey of various sites and structures, it has become evident that there are 
trends that could indicate a number of possible in situ, or extrinsic, factors at play in the 
deterioration of granite through sheet scaling. Observations made in the field regarding the 
stone conditions at the quarry provide some baseline information to establish the natural 
behavior of Mohegan granite and how it weathers. At the quarry, the primary manner in which 
the granite exhibits scaling is through plaque and plaquette formation, rather than flake and 
scale formation. This may be of relevance with regard to the influence of finishing techniques on 
conditions. From the case study structures, stones that were dressed with rock face finishes 
such as the George Washington Bridge, the Connecticut State Armory and Arsenal, and the 
First Church of Christ, Scientist all exhibited minimal scaling, mostly in plaque or plaquette 
formation. This could be a sign that maintaining natural contours or geometry of the stone 
somewhat prohibits uniform sheet formation. In addition, it is possible that the forces exerted 
on a rock face finish are less than that experienced during hammered, honed, or sawn 
techniques. As a result, more aggressive finishing techniques would more likely produce a 
subsurface network of microcracking, which could make the surface more prone to sheet scale 
formation. However, in somewhat of a contradiction to this finding, the polished stones 
surveyed at the First Church of Christ, Scientist, showed no scaling and mere granular 
disintegration. It is possible that although polishing could be considered an aggressive technique, 
the pore structure of the stone surface is smoothed and obstructed, making it less susceptible 
to salt infiltration.  
 In addition to finishing variables it is important to note that it does not appear that the 
more “modern” machinery brought into the quarry had any affect on later sheet scaling 
conditions. It had been theorized that with the purchase of the Mohegan granite quarry by 
Grenci & Ellis, Inc. and the infusion of potentially higher-powered machinery, stone quarried 
after the 1925 incorporation date might exhibit a higher degree of scaling. However, this was 
not found to be the case as structures from various timeframes, both prior to and after the 
refurbishment of the quarry, showed varied intensities of scaling. 
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 Also noteworthy is the prevalence of sheet scaling in association with projecting 
elements. For example, the Cathedral Church of Saint John the Divine, the City Bank – Farmers 
Trust Co. building, the Bliss Mausoleum, the Ellis Mausoleum, and the Joan of Arc monument, 
all had more frequent occurrences of sheet scaling in locations directly beneath projecting 
elements. This building geometry plays a critical role in how the stone is wetting and drying. 
These sheltered areas could experience slow surface evaporation, and thus prolonged wetness. 
This in turn could promote weathering of the surface, but perhaps more importantly, it could 
encourage the deposition of salts in these areas, leading to issues with salt crystallization.  
 Lastly, with regard to what salts would likely be deposited, it is important to note that 
many of the structures had significant calcite deposits leaching out of mortar joints. Calcarous 
runoff from lime within mortar joints can react with atmospheric sulfuric pollutants (acid rain) 
to produce a gypsum crust. This salt can then be mobilized by rainwater, deposited on stone 
surfaces, and absorbed to a shallow, uniform depth beneath the surface of the granite due to 
the typically low porosity of granite. The force of recrystallization of these salts could cause 
fracture planes, eventually producing the observed sheet scaling.  
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CHAPTER 3: MATERIALS AND ANALYTICAL METHODS 
 
INTRODUCTION 
 For this study, several methods of instrumental analysis were employed, which could 
reveal intrinsic and/or extrinsic sources of sheet scaling in Mohegan granite. Thin section 
petrography was chosen to provide a detailed analysis of baseline mineralogy. In addition, this 
technique could provide information regarding planes of weakness, leaching or infiltration along 
grain boundaries, and the presence of microcracking associated with sheet scaling. X-ray 
diffraction was chosen to establish the composition of crystalline materials within stone 
samples, both as a direct analysis of crushed samples, as well as an analysis of water soluble 
extracts obtained from scale and flake samples. Lastly, scanning electron microscopy – energy 
dispersive spectroscopy was employed to provide elemental identification of specific grain 
composition and infiltrating salts, once again in an attempt to reveal inherent or in situ factors 
that might be at play.  
 
SAMPLING 
Between November of 2013 and March of 2014, samples were acquired from the 
Mohegan Granite Quarry, the Cathedral Church of Saint John the Divine, the First Church of 
Christ, Scientist, the Westchester County National Bank, and the George T. Bliss Mausoleum in 
Woodlawn Cemetery. Core samples were removed with a battery powered DeWalt 18 volt 
XRP drill, affixed with a Lunzer diamond core bit (3/4” OD, E2411), Lunzer water swivel, and a 
Chapin 2 gallon pump sprayer (model 3614). This configuration allowed for an easily portable 
system in tight locations and remote terrain. The resulting cores were 9/16” in diameter and 
approximately 1” in depth. In a select few cases, larger sections of stone were acquired and 
chiseled to produce smaller fragments for sampling. Both cored and chiseled samples were 
reserved for thin section petrography and scanning electron microscopy with energy dispersive 
spectroscopy (SEM EDS). 
Where appropriate, sections of sheet scaling were gently removed with a palette knife. 
These samples were reserved for use with x-ray diffraction (XRD). In a few instances, thin 
section petrography was also performed on these samples. 
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THIN-SECTION PETROGRAPHY 
 Thin-section petrography is generally utilized to characterize and classify geologic and 
inorganic material. Geologists, archeologists, and art or architectural conservation scientists 
frequently employ this technique to aid in material identification, textural characterization, 
relative quantitative composition, treatment analysis, and determination of modes of 
deterioration.  Although a specialized professional is needed to analyze samples, this technique 
merely requires the preparation of thin-sections and the use of a polarized light microscope, 
both of which are relatively affordable and accessible.64  
Polarized light microscopy is generally used between 16x and 400x magnification. In 
transmitted plane polarized light (PPL), informative optical properties of a sample include 
transparency, refractive index, relief, color, pleochroism, morphology, and cleavage. In cross 
polarized light (XPL), informative optical properties of a sample could include isotropism or 
anisotropism, birefringence, angle of extinction, undulous extinction, zoning, and twinning.65  
In this study, thin-section petrographic analysis of Mohegan granite is essential for 
mineralogical characterization, identification of modes of deterioration, and detection of 
microscopic structural instabilities. This array of information can then be utilized to clarify 
whether the causal origins of sheet scaling are due to intrinsic or extrinsic factors. 
Thin-sections of the acquired core samples were prepared either by American 
Petrographics, Inc. or National Petrographic Service, Inc. Cores were embedded with Epo-Tek 
301epoxy with a Kriegrosol Blue dye and cut longitudinally in water. Sample materials were 
mounted on glass slides, ground to uniform thicknesses of approximately 30 µm, and protected 
with cover slips. Sample slides were then viewed under a Zeiss Axioplan II polarized light 
microscope. Known optical characteristics of materials at the standard 30 µm thickness, viewed 
in plane polarized light and in cross polarized light, provided a reference point to identify and 




	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
64 Chandra L. Reedy. “Thin-Section Petrography in Studies of Cultural Materials,” Journal of the American 
Institute for Conservation 33, No. 2 (Summer, 1994): 115. 
65 Ibid, 116. 
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X-RAY DIFFRACTION 
 XRD is an analytic technique used to determine the structure and thereby the 
composition of crystalline materials. Specifically, XRD is a phenomenon produced by the 
interference of incident beams of x-rays scattered (diffracted) by atoms comprising planes of a 
crystalline sample. At its simplest, an x-ray diffractometer has three main components: an x-ray 
source; the sample; and a detector. Most commonly in the field of art and architectural 
conservation, XRD is used to identify crystalline materials in a given sample. This identification 
is possible as a result of the distinctive diffraction patterns generated by every crystalline solid. 
This “fingerprint” is rendered as a diffractogram (and converted into a peak table), which can be 
compared to a known reference library for material identification. 
 In this study, XRD was performed using a Philips 1710 Open Architecture 
Diffractometer, housed at the Metropolitan Museum of Art’s Department of Scientific 
Research. Detection and identification of salts or minerals present in these samples could 
provide evidence of inherent vice within the stone, or perhaps the presence of in situ 
contaminants that either produce or exacerbate sheet scaling.  
 Samples were prepared by collecting a water soluble extract or by grinding a specimen 
into a fine powder with an agate mortar and pestle. Between 10 mg and 40 mg was deemed a 
sufficient sample size, which was then brushed onto a quartz plate. A few drops of acetone 
were used to evenly disperse the powdered sample and cause adhesion to the plate. The quartz 
plate was then loaded into the diffractometer within the sample holder. The resulting analysis 
was then captured in the form of a diffractogram.  
 
SCANNING ELECTRON MICROSCOPY – ENERGY DISPERSIVE  
SPECTROSCOPY 
Simply stated, scanning electron microscopy (SEM) produces the image of a specimen by 
focusing a beam of electrons on a sample within a vacuum chamber.  An electron gun, generally 
comprising a heated tungsten filament, a Wehnelt cylinder, and an anode, produces the 
necessary beam. Voltage up to 50 kV is applied to the filament and Wehnelt cylinder, which 
causes the tungsten to emit a stream of electrons once the proper current is applied. These 
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electrons are then accelerated toward an anode and directed at the sample.66 As the beam is 
rastered across the sample, electrons from within the atomic structure of the specimen can be 
ejected. These electrons are sensed by a detector and amplified, producing a three-dimensional 
image based on differential energies of backscattered electrons. Areas of higher atomic number 
appear brighter in the resulting image.67 In the case of energy dispersive spectroscopy (EDS), 
electrons from a sample can be lost from the inner atomic energy shells, producing secondary 
electrons. Subsequently, outer shell electrons will drop down to lower energy shells to fill the 
resulting voids. With this reaction, energy is released from the sample in the form of a 
characteristic x-ray.68 These x-rays are element-specific, which means they can be detected and 
analyzed in the form of a spectrum to yield an elemental identification of a sample in question.  
SEM can be a useful technique to examine the surface topography or morphology of a 
sample. For the purposes of this study, this type of information could provide microscopic 
evidence of concentrated areas of deterioration or salt accumulation. When combined with 
energy dispersive spectroscopy (EDS), elemental analyses can be carried out at select locations 
within a sample, facilitating the assessment of any mineralogical or chemical properties. 
In this study, scanning electron microscopy was carried out on a Hitachi TM 3000 
Tabletop Microscope, housed at New York University’s Institute of Fine Arts Conservation 
Center. While one half of the previously acquired core samples was utilized for thin section 
preparation, the remaining half, embedded in Epo-Tek 301epoxy with a Kriegrosol Blue dye, 
was further sectioned on a Struers Accutom 50 Precision Cutoff saw, polished with a series of 
Micromesh abrasive pads, and affixed to a SEM stub with adhesive tape. Initial micrographs were 
captured, and EDS was performed with a Bruker Xflash MIN SVE using Quantax 70 software. 	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
66 Barbara H. Stuart, Analytical Techniques in Materials Conservation (England: John Wiley & Sons, Ltd, 
2007) 92. 
67 Michael T. Postek, et al. Scanning Electron Microscopy: A Student’s Handbook (Vermont: Ladd Research 
Industries, 2001) 54. 
68 Barbara H. Stuart, Analytical Techniques in Materials Conservation (England: John Wiley & Sons, Ltd, 
2007) 92.	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CHAPTER 4: RESULTS AND ANALYSIS 
 
THIN-SECTION PETROGRAPHY 












Figure 104. Mohegan Granite Quarry, Sample QB 1A, XPL, 50x.  Photomicrograph illustrates the 













Figure 105. Mohegan Granite Quarry, Sample QB 1A, PPL, 50x. Photomicrograph illustrates a plane 
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Figure 106. Cathedral Church of Saint John the Divine, Sample SJ 1, XPL, 50x. Photomicrograph 
illustrates the distribution of small and large grain sizes, and the association of biotite, muscovite, 














Figure 107. Cathedral Church of Saint John the Divine, Sample 5, XPL, 200x. Photomicrograph illustrates 




























Figure 108. Cathedral Church of Saint John the Divine, Sample 4A, XPL, 50x. Photomicrograph 
illustrates a perpendicular orientation of muscovite, biotite and smaller grain bands with relation to 














Figure 109. Cathedral Church of Saint John the Divine, Sample 6, XPL, 100x. Photomicrogaph illustrates 



















Figure 110. Cathedral Church of Saint John the Divine, Sample BCA 1. Photomicrograph illustrates 














Figure 111. Cathedral Church of Saint John the Divine, Sample BCA 1, XPL, 50x. Photomicrograph 
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Figure 112. First Church of Christ, Scientist, Sample 1, XPL, 50x. Photomicrograph illustrates the 













Figure 113. First Church of Christ, Scientist, Sample 1, PPL, 50x. Photomicrograph illustrates a plane 
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Figure 114. Westchester National Savings Bank, Sample 1C, XPL, 50x. Photomicrograph illustrates a 















Figure 115. Westchester National Savings Bank, Sample 1B-C, XPL, 50x. Photomicrograph illustrates an 
association between a band of micas and a fracture plane, parallel to the surface of the stone. The 
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Figure 116. Bliss Mausoleum, Woodlawn Cemetery. Sample 1A, XPL, 50x. Photomicrograph illustrates 













Figure 117. Bliss Mausoleum, Woodlawn Cemetery. Sample 1A, PPL, 50x. Photomicrograph illustrates a 
plane polarized light image of Figure 116. The presence of biotite leaching can be seen with some 




























Figure 118. Bliss Mausoleum, Woodlawn Cemetery, Sample 4, XPL, 50x. Photomicrograph illustrates the 
network of microcracking parallel to the surface of the sheet scaled sample taken from the interior of 
the mausoleum.  
 
ANALYSIS:  
Thin section petrography established an understanding of the typical mineralogical 
characteristics found within Mohegan granite. Within all observed samples, there is a bimodal 
fabric of the stone with regard to grain size and distribution. Distinct bands of larger grain sizes 
range between 800 µm and larger, while bands of smaller grain sizes are regularly around 200 
µm. Larger bands are primarily composed of quartz and microcline (potassic feldspar). Smaller 
bands are primarily composed of quartz, microcline, myrmekite, muscovite, and biotite.(Fig. 
119) In lesser quantities, chlorotized biotite as well as trace amounts of epidote are present. 
(Fig. 107) It was often observed that smaller grain bands associated with micas were oriented 
both perpendicular and parallel to the surface plane.(Figs. 108, 112, and 114-115) This 
demonstrates that while these bands could be a source of intrinsic weakness within the fabric 
of the stone, they are not exclusively associated with the uniform planes of sheet scaling. Lastly, 
most feldspars appear clean and unweathered.(Fig. 120) The predominance of potassic feldspar 
rather than calcium feldspar (anorthite) indicates that Mohegan granite should be relatively 
stable and slow to weather. This also eliminates the possibility that intrinsic leaching of calcium 

















Figure 119. Cathedral Church of Saint John the Divine, Sample SJ 1, XPL, 50x, Detail of Figure 106. 
Photomicrograph illustrates the distribution of small and large grain sizes, and the association of biotite, 















Figure 120. Cathedral Church of Saint John the Divine, Sample SJ 3, XPL, 50x. Photomicrograph 
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In the historical literature, limonite leaching has been cited as a by-product of 
overburden.69 However, it appears that while iron oxide leaching is indeed present, it is more 
closely associated with individual biotite grains, whether at the surface or deeper in the stone. 
While biotite leaching could form planes of weakness within the stone and be a source for 
networks of microcracking, there are no regular orientations of these areas to indicate a close 
association with the observed sheet scaling.(Figs. 105, 113, and 117) 
It would be predicted that microcracking would occur mostly along grain boundaries, 
which would provide the least resistance to progressive forces or pressures. However, it was 
frequently observed that microcracks traversed through larger quartz grains, often in multiple 
locations, mostly parallel to the stone surface. While there is no direct explanation for this 
aggressive pattern of microcracking, it could be the result of extensive freeze-thaw cycles, or 
wetting and drying cycles with salt deposition and crystallization. Additionally, this could be 
linked to finishing techniques of how the stone was dressed. For instance, honed samples from 
the interior of the Bliss Mausoleum and hammered samples from the Cathedral Church of Saint 
John the Divine both exhibited this pattern of cracking, while it was absent in samples taken 
directly from the quarry.(Figs. 111, 116, and 118)   
Thin section petrography did not provide sufficient evidence to determine if salt 
crystallization or gypsum leaching from mortars could be causal links to microcracking and 
sheet scaling. It is possible that use of water during coring or thin section preparation could 
have solubilized any residual compounds. Only a single sample, taken from a location directly 
behind a calcite deposit at the Cathedral Church of Saint John the Divine, illustrates calcite 
infiltration within grain boundaries and individual grains.(Fig.121) The calcite present in this 
sample may have been more tenacious, resulting from a thick calcite crust, and thus endured 
the preparation process more successfully than the rest of the samples. Also notable, was a 
sample provided by Building Conservation Associates, Inc. from the Cathedral, which showed 
extreme signs of granular disintegration. While thin section petrography allowed for a 
microscopic view as to how extensive the deterioration was at the surface of the sample, no 
evidence was found with this technique to indicate the presence of compounds that could have 
caused such a condition.(Fig. 110) 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
69 D. H. Newland, “The Quarry Materials of New York – Granite, Gneiss, Trap and Marble,” The New 
York State Museum Bulletin 181 (January 1, 1916): 116-117. 












Figure 121. Cathedral Church of Saint John the Divine, Sample 6, XPL, 100x, Detail of Figure 109. 
Photomicrogaph illustrates calcite infiltration from a deposit above the stone surface into interstitial 
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X-RAY DIFFRACTION 
GRAY MOHEGAN GRANITE VS GOLDEN MOHEGAN GRANITE: 
 
Figure 122. Bliss Mausoleum, representative Mohegan gray granite sample. Diffractogram illustrates the 
distribution of mica (M), quartz (Q), and feldspar (F). 
 
 
Figure 123. First Church of Christ, Scientist, representative Mohegan yellow granite sample. 
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WATER SOLUBLE EXTRACTS OF GOLDEN MOHEGAN GRANITE:  
QUARRY SAMPLE VS BUILDING SAMPLE 
 
Figure 124. Mohegan Granite Quarry, Mohegan Yellow Granite Sample. Diffractogram illustrates a small 
peak for a halite (H) present in the sample. 
 
 
Figure 125.  First Church of Christ, Scientist, Mohegan Yellow Granite Sample. Diffractogram illustrates 
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WATER SOLUBLE EXTRACTS OF SHEET SCALED SAMPLES: 
BLISS MAUSOLEUM EXTERIOR VS INTERIOR  
 
Figure 126. Bliss Mausoleum, Mohegan gray granite, exterior sheet scaled sample. Diffractogram 
illustrates several peaks for the presence of gypsum (G). 
 
 
Figure 127. Bliss Mausoleum, Mohegan yellow granite, interior sheet scaled sample. Diffractogram 
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WATER SOLUBLE EXTRACT OF A SEVERELY DETERIORATED SAMPLE: 
 
Figure 128. Cathedral Church of Saint John the Divine, Mohegan yellow granite. Diffractogram illustrates 
peaks associated with the presence of halite (H) and niter (N). 
 
ANALYSIS:  
Figures 122 and 123 show comparison straight x-ray diffractograms produced from 
crushed samples of gray and yellow Mohegan granite. The XRD results provide no evidence of 
a significant difference in the composition of these stones. Peak ranges for quartz, feldspar, and 
mica are all similar.  
Figures 124 and 125 show comparison diffractograms produced from water soluble 
extracts of quarry stone and of building stone. The First Church of Christ, Scientist was 
selected as a comparison for its good condition and rock face finish, which somewhat mimics 
the contours of the quarry stone. The XRD results show low strength signals for sodium 
chloride in both samples. This indicates that the same or similar halite is present in both 
samples. It could be inferred that the presence of this salt in the building stone shows that it is 
either a result of an inherent component of the stone, or is an ambient salt either originating 
from the quarry, or present at both locations. In either case, the presence of these salts at low 
levels appears to be of little detriment to the condition of the stone.  
N 
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Figures 126 and 127 show comparison diffractograms produced from water soluble 
extracts of scales removed from the interior and exterior of the Bliss mausoleum. The results 
show evidence of gypsum (calcium sulfate dihydrate) and bassanite (calcium sulfate 
hemihydrate) within the samples. This could be a result of atmospheric pollutants (sulfuric acid 
from acid rain) and water leaching through the internal structure of walls, dissolving and 
transmitting calcium sulfate into or on the surface of the stone, on both the exterior and 
interior of the mausoleum. The deposition of these salts beneath the surface of the stone 
through wetting and drying cycles could be the cause of the extensive network of 
microcracking as well as the sheet scaling observed in these samples.  
Figure 128 shows a diffractogram produced from a water soluble extract of a severely 
deteriorated sample taken from the Cathedral Church of Saint John the Divine supplied by 
Building Conservation Associates, Inc. These results show strong signal peaks of halite (NaCl) 
and niter (KNO3). This is an unusual mix of salts and the potassium nitrate could be the result 
of bird guano leaching into the stone. It is likely that the deposition of these salts on a 
previously scaled sample exacerbated an already fragile condition, resulting in the extensive 
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Figure 129. The Cathedral Church of Saint John the Divine, Sample 4A, Point 1 SEM EDS, 300x. 







Element   AN  Series  norm. C Atom. C 
                       [wt.%]  [at.%] 
------------------------------------- 
Oxygen    8  K-series   67.75   78.79 
Silicon   14 K-series   18.01   11.93 
Aluminium 13 K-series    7.36    5.08 
Potassium 19 K-series    4.12    1.96 
Sodium    11 K-series    2.76    2.23 
------------------------------------- 
               Total:  100.00  100.00 
 
 	  




Figure 130. The Cathedral Church of Saint John the Divine, Sample 4A, 7000x. Spectrum and 
quantification of an interstitial grain within a microcrack. 
 
ANALYSIS: 
In Figure 129, SEM EDS was initially used to identify quartz and feldspar grains. Results 
of this line of inquiry indicate a high degree of potassic and/or sodic feldspar present in the 
samples. These results confirm petrographic findings, which show that Mohegan granite is 
predominantly composed of quartz and relatively stable feldspars.  
In Figure 130, salt identification was attempted through the analysis of the interstitial 
spaces within cracked boundaries of a sample. It is possible that the resulting spectrum 
confirmed the presence of a small quantity of gypsum or halite, but it was eventually decided 
that this line of testing would not be effective in identifying interstitial salts. The samples used in 
this analysis were the remaining halves of cores processed for thin sectioning. As previously 
mentioned, it is possible that residual compounds potentially responsible for microcracking and 
sheet scaling were solubilized in the wet coring and processing of thin sections.  
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CHAPTER 5: CONCLUSIONS  
 
SUMMARY 
 Sheet scaling of Mohegan granite appears to be caused by a convergence of both 
extrinsic and intrinsic factors. The most significant factors involved in sheet scale formation are 
wetting and drying cycles, the presence of gypsum, and the porosity of the stone. 
The frequency with which scaling is observed on surfaces sheltered beneath projecting 
elements is strong evidence that prolonged dampness, leading to a higher degree of salt 
deposition, is associated with this mode of deterioration. Additionally, locations where scaling 
seems to be generated from the center of an ashlar stone could follow a similar theory. In this 
case, mortars surrounding ashlar stones might wick moisture from stone edges at a more rapid 
rate, encouraging prolonged dampness in the center, and once again a higher degree of salt 
deposition. Therefore, the extrinsic factor of building geometry plays an important role in 
determining where scaling will occur.  
Geometry of a stone’s surface in terms of how it is dressed also seems to play a role in 
determining the prevalence of sheet scaling. Surfaces with an irregular rock face finish, 
mimicking the natural formation of the stone, seem to exhibit less deterioration than those that 
are hammered, honed, or sawn. Irregular patterns of wetting and drying following the contours 
of the stone may prevent uniform planes of absorption into the stone, which lessens the 
likelihood for sheet scale formation. Additionally, forces exerted during the tooling process, 
which can introduce microfissures beneath the surface of a stone, may be less aggressive in the 
case of a rock face finish versus other techniques. This may enable stones dressed in this 
fashion to maintain a higher degree of integrity at the stone surface, lessening the probability of 
sheet scale formation. However, as opposed to Elizabeth Carey’s conclusions that hammered 
surfaces are the predominant causal link to sheet scaling, it should be noted that all granite 
surfaces displayed some characteristics of sheet scaling, regardless of their finish type. More 
aggressive finishing techniques can certainly introduce extensive networks of subsurface 
microcracking, but this may be an extrinsic factor that merely worsens a predisposition for this 
condition. Furthermore, in agreement with Ms. Carey’s thesis, a wide range of granites, if not all 
granites to a certain degree, exhibit sheet scaling, not merely Mohegan granite or stones similar 
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in mineralogy. This is evidence that there is neither a single mineralogical nor chemical 
composition intrinsic to particular types of granite that cause sheet scaling.  
Salt crystallization and the presence of gypsum have also been identified as closely linked 
with sheet scaling. As localized areas of stone units dry more slowly, salt solutions can migrate 
to these areas and precipitate less soluble salts such as gypsum. Recrystallization beneath a 
stone’s surface can cause enough pressure to introduce subsurface fractures and detachments. 
Sources for gypsum can include the interaction of dry deposition and acid rain with calcite from 
mortar joints. Many of the sites surveyed in this study showed signs of extensive calcite 
deposits leaching from nearby mortars, likely contributing sources for gypsum infiltration. 
Although no visual evidence was obtained through thin section petrography or scanning 
electron microscopy to conclusively identify the salts within microcracks and between grain 
boundaries, XRD results were able to confirm a significant presence of gypsum within surface 
scales.  
Lastly, stone porosity, or capillary uptake is related to sheet scaling, potentially as both 
an intrinsic and extrinsic factor at play. The historical literature accounts for Mohegan granite 
to have porosities between 0.3% and 0.4%, which is in keeping with what one would expect for 
typical granites.70 However, it is precisely this intrinsic property of low porosity and/or slow 
capillary uptake that could be the explanation for why scaling occurs at such regular and shallow 
depths. Perhaps only the first few millimeters of the stone uniformly retain moisture, leading to 
a regular zone of salt deposition, and eventual scaling. Extrinsically, the alteration of stone 
surfaces through tooling techniques could increase a stone’s porosity, thus increasing the 
likelihood for salt deposition and sheet scale formation.  
This research has taken some important steps toward revealing the constellation of 
factors influencing the deterioration of granite through sheet scaling.  Within the last two 
decades, other scientists researching granites in Spain have found that “the crystallization of 
salts in the pore network of the rock materials appears as the most aggressive phenomenon in 
the degradation process”71 and “its intensity increases as a function of capillary transfer in the 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
70 William H. Burr, “Report on the Mohegan Granite Quarries,” William H. Burr to Reverend Ernest M. 
Stires D. D., Chairman of the Committee on the Fabric, Cathedral of St. John the Divine, New York 
City, New York, March 10, 1925. 
71	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stone and of the pollution of waters.”72 The results from this study would certainly concur with 
these findings. Still, there is room for further investigation to better determine why some 
granites appear more susceptible to sheet scaling and whether there are conservation 




AREAS FOR FURTHER STUDY 
 
• Further petrographic analysis of Mohegan granite in larger cores or from different 
orientations to better understand the fabric of the stone and the subsurface network of 
microcracking.  
• Further research on other granites, perhaps including Deer Isle which has a larger grain 
size and potentially less surface area of pore structure, to identify any differences in 
rates of deterioration in comparison to medium or fine-grained granites such as 
Mohegan granite. 
• Further research or experimental techniques to isolate and identify salt deposition 
within interstitial spaces of mineralogical structure. 
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APPENDIX A: SITE EVALUATION CHART
SITES ADDRESS
BUILDING 
DATE ARCHITECT STONE TYPE FINISH SCALING OTHER CONDITION DETAILS
New York Sites:
Mohegan Granite Quarry
Sylvan Glen Park Preserve, 
Peekskill, NY
Gray Mohegan Granite; 
Yellow Mohegan Granite; 
Granites transported onto 
the site for finishing, of 
unknown provenance, but 
likely Maine. 
Rock face, wasters, 
partially carved 
elements Y Mostly plaque and plaquette formation 
Cathedral Church of Saint John the 
Divine




Heins and Lefarge, 
Cram Yellow Mohegan Granite Hammered Y
Calcite deposits and soiling. Scaling in the middle of 
ashlar units and in association with projecting 
elements.
City Bank-Farmers Trust Co. 
Building 20 Exchange Place, New York, NY 1930-31 Cross & Cross Gray Mohegan Granite Honed or Sawn Y
Scaling in the middle of stone units, on and 
underneath projecting elements, in returns and close 
to the ground. 
Westchester County National Bank 16 Bank Street, Peekskill, NY 1922 Lansing Holden Yellow Mohegan Granite Honed or Sawn Y
Surface mostly obscured by paint coating. Isolated 
areas of scaling beneath projecting elements, in an 
area with known water infiltration problems, in 
returns, and close to the ground.
George Washington Bridge NA  1927-1931
Othmar Ammann 
(Engineer) and Cass 
Gilbert (Architect)
Yellow Mohegan Granite; 
Deer Isle/Vinalhaven; 
possible third unknown 
granite. Rock Face Y
Light scaling on the NY approach. No scaling on the 
NY access ramps. Some cacite deposits.
Joan of Arc Statue Base
Riverside Park and 93rd Street, 
New York, NY 1915
Anna Vaughn Hyatt 
Huntington (Sculptor), 
John Vredenburgh Van 
Pelt (Architect) Yellow Mohegan Granite Honed or Sawn Y
Mostly granular distintegration seen at the sculpture 
base. Isolated areas of scaling on the adjacent 
benches and surround.
Woodlawn - Bliss Mausoleum
517 East 233rd Street, New York, 
NY; Chestnut Hill Plot, Section 124 1901 Heins and Lefarge
Gray Mohegan Granite 
exterior, Yellow Mohegan 
Granite interior Honed or Sawn Y
Scaling at the rear of the monument, and directly 
underneath a string course/molding edge. Extensive 
scaling on the interior.
Hillside Cemetery - Ellis 
Mausoleum Oregon Road, Cortlandt Manor, NY
Assumed 1930-
31 based on 
first 
internment Unknown Gray Mohegan Granite Honed or Sawn Y
Scaling or flakes associated with projecting elements 
and in returns. Calcite deposits.
Connecticut Sites:
Connecticut State Armory and 
Arsenal 360 Broad Street, Hartford, CT 1909 Benjamin W. Morris Yellow Mohegan Granite Rock Face Y
Scaling in some isolated areas at the corner/rear of 
building and in conjunction with other building 
materials or ledges.
Massachusetts Sites:
First Scientist Church (Building 1) 32 Lowell Street, Reading, MA 1913-14
McFarland & Colby, 
and/or George H. 
Sidebottom 
(unconfirmed) Yellow Mohegan Granite Rock Face Y Light scaling as plaque and plaquette formation.
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